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ABSTRACT 

Two new species of pinworm parasites of Testudo graeca Linnaeus, 1758 from 
Morocco are described: Tachygonetria marocana n. sp. and T. khallaayounei n. 
sp. Light microscopy and scanning electron microscopy (SEM) studies 
revealed morphological differences in the structure of the male caudal end 
and cephalic end, which enabled us to differentiate these new species from the 
others, and from each other. The following taxa are redescribed: 71 numidica 
Seurat, 1918, 71 longicollis longicollis (Schneider, 1866), 71 /. setosa Petter, 
1966, 71 /. pusilla Petter, 1966 (parasite of Testudo graeca from Morocco), 
71 macrolaimus palearcticus Petter, 1966 (parasite of Testudo graeca from 
Morocco and of Testudo hermanni Gmelin, 1789 from Spain). On the basis 
of morphology, the subspecies were raised to species level. 


RESUME 

Descriptions de deux nouvelles especes du genre Tachygonetria Wedl, 1862 
(Nematoda, Pharyngodonidae) et redescriptions de cinq especes parasites de 
Testudinidae palearctiques. 

Deux especes, Tachygonetria marocana n. sp. et 71 khallaayounei n. sp. para¬ 
sites de Testudo graeca Linnaeus, 1758 du Maroc, sont decrites. L’utilisation 
du microscope photonique et du microscope electronique a balayage (MEB) 
a revele des differences morphologiques dans la structure des extremites 


ZOOSYSTEMA • 2005 • 27 (2) © Publications Scientifiques du Museum national d’Histoire naturelle, Paris, www.zoosystema.com 


193 





Bouamer S. & Morand S. 


MOTS CLES 

Nematoda, 
Pharyngodonidae, 
Tacbygonetria, 
Testudinidae, 
palearctique, 
nouvelles especes. 


caudales et cephaliques du male qui permettent de differencier ces deux nou¬ 
velles especes des autres et entre elles. Les taxons suivants sont redeems : 
T. longicollis longicollis (Schneider, 1866), T. numidica Seurat, 1918, 
T. 1. setosa Petter, 1966, T. 1. pusilla Petter, 1966 (parasite de Testudo graeca, 
du Maroc), T. macrolaimuspalearcticusVztxer, 1966 (parasite de Testudo graeca 
du Maroc et de Testudo hermanni Gmelin, 1789 d’Espagne). En se basant sur 
ces nouvelles descriptions, ces sous-especes sont elevees au rang d’espece. 


INTRODUCTION 

Terrestrial tortoises are parasitized by several 
genera and species of Oxyurids, among them the 
genus Tacbygonetria, erected by Wedl (1862) for 
the species T. vivipara from Uromastix spinipes 
Bell, 1825 from Egypt. Seurat (1918) revised the 
genus, and erected the genus Mebdiella Seurat, 
1918. Seurat (1918) based the new diagnosis on 
the presence of a truncate tail in the genus 
Tacbygonetria and the presence of a robust caudal 
point in the males of the genus Mebdiella. 

Baker (1987) cited 20 species and 12 subspecies 
of the genus Tacbygonetria parasites of herptiles 
(Testudinidae Batsch, 1788 and Agamidae Gray, 
1827), with 16 species and 12 subspecies as para¬ 
sites of the Testudinidae, and four species of 
Squamata ( Agama sp., Uromastix sp. and Iguana 
sp.). Bouamer & Morand (2002) revised the dia¬ 
gnosis of the genus and described one new species 
parasite of Testudo graeca Linnaeus, 1758 from 
Morocco. At present Tacbygonetria contains 
21 species. In this study we supplement the 
redescription of the Palaearctic species. We give 
new redescription of five taxa: Tacbygonetria lon¬ 
gicollis longicollis (Schneider, 1866), T. 1. setosa 
Petter, 1966, T. 1. pusilla Petter, 1966, T. numi¬ 
dica Seurat, 1918 and T. macrolaimuspalearcticus 
Petter, 1966 from Testudo graeca. On the basis of 
morphological characters, we raised these subspe¬ 
cies to level of species. We describe two new spe¬ 
cies parasites of Testudo graeca from Morocco: 
Tacbygonetria marocana n. sp. and T. kballaayou- 
nei n. sp. 


MATERIALS AND METHODS 

Nematode parasites were recovered from 18 speci¬ 
mens of Testudo graeca, collected in Morocco by 
S. Bouamer. Nematodes were preserved in 70% 
ethanol before being cleared with lactophenol for 
study. Figures were made with the aid of a draw¬ 
ing tube. Nematodes were prepared for SEM by 
dehydrating them in progressive ethanol concen¬ 
trations up to absolute ethanol. Residual humidity 
was extracted to the critical point (M scope 500). 
The scanning electron microscope used was a 
Hitachi S 520 under 20 KV. Measurements are 
given in micrometers unless otherwise stated. 

SYSTEMATICS 

Family PHARYNGONIDAE Travassos, 1919 
Genus Tacbygonetria Wedl, 1862 

Tacbygonetria numidica Seurat, 1918 
(Fig. 1) 

References and synonymes: see Petter 1966. 

Host. — Testudo graeca Linnaeus, 1758. 

Site OF INFECTION. — Large intestine. 

Material examined. — Morocco. Settat, 
7°45’30”W, 32°30’45”N, 22.VII.1999, S. Bouamer, 
4 9 ?, 4 $ $ (MNHN 223HG). 

Redescription 

General 

Slender body with thick cuticle. Cephalic sense 
organs formed by the outer ring of four sub-lateral 


194 


ZOOSYSTEMA • 2005 • 27(2) 





New Tachygonetria (Nematoda) parasites of Testudo graeca 



Fig. 1. — Tachygonetria numidica Seurat, 1918; A, cephalic end, en face of female; B, cephalic end, en face of male; C, caudal 
extremity, ventral view of male; D-F, scanning electron micrograph (SEM); D, cephalic end of female; E, cephalic end of male; 
F, caudal extremity of male, ventral view. Abbreviations: a, cephalic arc of broad line; b, superficial opaque lips; c, subjacent trans¬ 
parent lip; d, crescent-shaped cuticularized plates. Scale bars: A, B, 30 pm; C-E, 10 pm; F, 7 pm. 
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papillae, an inner ring of papillae not observed; 
large, sessile and external amphids. Triradiate- 
shaped oral opening and three crescent-shaped 
cuticularized plates disposed at the junction of 
the anterior ends of oesophageal sectors. Short 
buccal cavity, armed with three small teeth. 

Female (Fig. 1A, D) 

Middle-sized, spindle-shaped body. The head 
separated from the body by a constriction. Oral 
opening with three superficial robust, and 
opaque lips and with three subjacent transparent 
lips. A cephalic broad line formed by six arcs 
slightly ornamented, located between the oral 
opening and the external papillae. Long and slen¬ 
der tail. 

Measurement of females based on four speci¬ 
mens: body length 4.130 (4.100-4.175) mm, 
maximum body width 256 (250-262). Nerve 
ring 238 (234-240) from anterior end. Excretory 
pore 1.027 (1.025-1.035) mm from anterior end. 
Oesophagus length 850 (842-857). Vulva 2.152 
(2.149-2.158) mm from anterior end. Tail length 
755 (749-765). Eggs asymmetrical, measuring 
81 x 144 (79 x 142-85 x 149). 

Male (Fig. IB, C, E, F) 

Body less thick than that of the female, slightly 
curved ventrally. The body ending in a long, thin 
and truncate tail, with hyaline spine. The cuticle 
of the apical end thickened with lines drawing a 
succession of meanders. Oral opening with three 
superficial, robust and opaque lips (each lip is 
bilobed at its distal extremity) and with six sub¬ 
jacent thin and transparent lips. Cloaca with two 
pairs of genital papillae: one elongate pre-anal, 
middle-sized pair, with a robust posterior expan¬ 
sion, and one large elongated post-anal pair 
arranged oblique to the sagittal plan of the body; 
one pair of sessile and lateral papillae at the end 
of the tail. Long, slender and needle-shaped spi¬ 
cule. Pre-anal membrane present with six small 
lobes. Anterior lip of anus with two robust, coni¬ 
cal and elongate lobes; elongate posterior lip of 
the cloaca with two lateral nipples. 

Measurement of males based on four speci¬ 
mens: body length 2.01 (2.00-2.02) mm with 


maximal body width 100 (95-105). Nerve ring 
158 (156-161) from anterior end. Excretory 
pore 647 (642-652) from anterior end. Total 
oesophagus length 540 (535-549). Tail length 
58 (55-62) and hyaline spine 10 (9-11). Spicule 
58 (55-61). 

Remarks 

This species is distributed only in the Palaearctic 
region and parasite only T. graeca from Algeria, 
Morocco and Tunisia (see Seurat 1918; Petter 
1961, 1966). 

Tachygonetria longicollis (Schneider, 1866) 

(Fig. 2) 

References and synonymes: see Petter 1966. 

Host. — Testudo graeca Linnaeus, 1758. 

Site OF INFECTION. — Large intestine. 

Material examined. — Morocco. Settat, 
7°45’30”W, 32°30’45”N, 22.VII.1999, S. Bouamer, 
4 9 ?, 4 $ $ (MNHN 224HG). 

Redescription 

General 

Medium-sized body, males smaller than females. 
Cuticle of cephalic end without any prominent 
formation. Cephalic sense organs formed by the 
outer ring of four sub-lateral papillae, an inner ring 
of papillae not observed; large, sessile and slightly 
external amphids. Short buccal cavity, armed with 
three teeth. Long and narrow oesophagus. 

Female (Fig. 2A, D) 

Triangular oral opening with two cycles of lips 
the external cycle formed by three transparent 
and short lips; each lip presents a light cut in the 
middle on its internal side; the second cycle for¬ 
med by three transparent lips, broader than the 
lips of the external cycle. Short and robust tail. 
Measurement of females based on four speci¬ 
mens: length 4.414 (4.100-4.440) mm, with 
maximal width 490 (415-500). Nerve ring 236 
(218-240) from anterior end. Excretory pore 
1.700 (1.571-1.770) from anterior end. 
Oesophagus 1.547 (1.519-1.585) mm long. Tail 
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Fig. 2. — Tachygonetria longicollis (Schneider, 1866); A, cephalic end, en face of female; B, cephalic end, en face of male; C, caudal 
extremity, ventral view of male; D-F, scanning electron micrograph (SEM); D, cephalic end of female; E, cephalic end of male; 
F, caudal extremity of male, ventral view. Scale bars: A, B, 50 pm; C, 10 pm; D, E, 15 pm; F, 24 pm. 
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118 (99-122) long. Vulva 2.830 (2.703-2.880) 
mm from anterior end. Egg 84 X 141 (82 X 135- 
85 X 144). 

Male (Fig. 2B, C, E, F) 

Triangular oral opening with six large, transpa¬ 
rent and elongate lips. Cloaca with two pairs of 
genital papillae: one rosette-shaped pre-anal with 
a robust posterior expansion; one elongated post- 
anal pair slightly oblique to the sagittal plan of 
the body. One pair of sessile papillae at the end of 
the tail. Short slender and needle-shaped spicule. 
Ten lobes of pre-anal membrane (two external 
and large lobes, eight small). Anterior anal lip 
formed by two small lobes; long posterior lip of 
the cloaca with a globular posterior end and two 
ventral nipples. Relatively long tail. 
Measurement of males based on four speci¬ 
mens: body length 2.353 (2.184-2.657) mm 
with maximal body width 141 (118-160). 
Nerve ring 192 (176-208) from anterior end. 
Excretory pore 0.920 (0.889-1.020) mm from 
anterior end. Total oesophagus length 849 
(804-908). Tail length 59 (52-68). Spicule 78 
(71-90). 

Tachygonetria setosa Seurat, 1918 
(Fig. 3) 

References and synonymes: see Petter 1966. 

Host. — Testudo graeca Linnaeus, 1758. 

Site OF INFECTION. — Large intestine. 

Material examined. — Morocco. Settat, 
7°45’30”W, 32°30’45”N, 22.VII.1999, S. Bouamer, 
4 9 ?, 4 6 6 (MNHN 225 HG). 

Redescription 

General 

Body straight and thick in the female; small 
and slightly curved in the male. Triangular oral 
opening, cephalic sense organs formed by the 
outer ring of four sub-lateral papillae, an inner 
ring of papillae not observed; large, sessile and 
slightly internal amphids. Short buccal cavity, 
armed with three teeth. Long and narrow oeso¬ 
phagus. 


Female (Fig. 3A, D) 

Triangular oral opening with two cycles of lips: 
the external cycle formed by six tiny transparent 
and short lips; the second cycle formed by three 
transparent lips, broader than the six lips of the 
external cycle. Short buccal cavity, armed with 
three large teeth. Short, robust and conical tail. 
Measurement of females based on four speci¬ 
mens: body length 3.83 (3.82-3.92) mm, maxi¬ 
mum body width 356 (350-377). Nerve ring 194 
(178-218) from anterior end. Excretory pore 
1.250 (1.030-1.458) mm from anterior end. 
Oesophagus length 1.396 (1.207-1.594) mm. 
Vulva 2.200 (2.100-2.566) mm from anterior 
end. Tail length 145 (130-189). Eggs asymmetri¬ 
cal, measuring 71 X 105 (66 X 100-75 X 112). 

Male (Fig. 3B, C, E, F) 

Triangular oral opening with six large transparent 
and elongate lips. Cloaca with two pairs of geni¬ 
tal papillae: one rosette-shaped pre-anal with a 
small posterior expansion; one elongated post- 
anal oblique to the sagittal plan of the body. One 
pair of sessile papillae at the end of the tail. 
Spicule slender, with a “flower of Lily”-like distal 
end. Eleven lobes of pre-anal membrane (two 
external and large lobes, then internal small). 
Anterior anal lip formed by two flat lobes enlar¬ 
ged end at the proximal and with narrow distal 
end; long posterior lip of the cloaca with a glo¬ 
bular posterior end and two ventral nipples. 
Relatively long tail. 

Measurement of males based on four specimens: 
body length 3.100 (3.000-3.150) mm with maxi¬ 
mal body width 184 (179-190). Nerve ring 255 
(250-260) from anterior end. Excretory pore 
1.168 (1.150-1.175) mm from anterior end. 
Total oesophagus length 910 (900-925) Tail 
length 72 (69-75). Spicule 82 (80-85). 

Tachygonetriapusilla Seurat, 1918 
(Fig. 4) 

References and synonymes: see Petter 1966. 

Host. — Testudo graeca Linnaeus, 1758. 

Site OF infection. — Large intestine. 
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Fig. 3. — Tachygonetria setosa Seurat, 1918; A, cephalic end, en face of female; B, cephalic end, en face of male; C, caudal extrem¬ 
ity, ventral view of male; D-F, scanning electron micrograph (SEM); D, cephalic end of female; E, cephalic end of male; F, caudal 
extremity of male, ventral view. Scale bars: A, B, 50 pm; C, 25 pm; D, E, 7.5 pm; F, 15 pm. 
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Material examined. — Morocco. Settat, 
7°45’30”W, 32°30’45”N, 22.VII.1999, S. Bouamer, 
4 2 2,4 3 6 (MNHN 226HG). 

Redescription 

General 

Body straight, thick and pointed at the posterior 
end in the female; small and slightly curved in the 
male. Triangular oral opening; cephalic sense 
organs formed by the outer ring of four sub-late¬ 
ral papillae, an inner ring of papillae not obser¬ 
ved; large, sessile and internal amphids. Long and 
narrow oesophagus. 

Female (Fig. 4A, D) 

Triangular shaped oral opening with three trans¬ 
parent lips; each lip is bordered on the external 
side by a large line (this formation resembles the 
external cycle of tiny lips, observed in T. longicol- 
lis and T. setosa). Short buccal cavity, armed with 
three small teeth. Long and pointed shape-tail 
ending. 

Measurement of females based on four speci¬ 
mens: body length 3.132 (3.113-3.218) mm, 
maximum body width 339 (331-426). Nerve 
ring 210 (180-274) from anterior end. Excretory 
pore 1.180 (0.943-1.324) mm from anterior 
end. Oesophagus length 1.277 (1.078-1.434) 
mm. Vulva 1.949 (1.660-2.198) mm from ante¬ 
rior end. Tail length 270 (244-300). Eggs asym¬ 
metrical, measuring 124 X 204 (116 X 84-129 X 
222 ). 

Male (Fig 4B, C, E, F) 

Triangular oral opening with six large transparent 
and elongate lips flat at internal side. Short buccal 
cavity, armed with three large teeth. Cloaca with 
two pairs of genital papillae: one rosette-shaped 
pre-anal with a short and robust posterior expan¬ 
sion; one elongated post-anal pair parallel to sagit¬ 
tal plan of the body. One pair of sessile papillae at 
the end of the tail. Robust spicule with barbel-like 
extremity. Nine lobes of pre-anal membrane (two 
external and large lobes, seven internal and small). 
Anterior anal lip formed by two slender lobes; 
long posterior lip of the cloaca with a globular pos¬ 
terior end and two ventral nipples. 


Measurement of males based on four specimens: 
body length 2.266 (1.968-2.365) mm with maxi¬ 
mal body width 169 (144-194). Nerve ring 210 
(169-359) from anterior end. Excretory pore 823 
(795-946) from anterior end. Total oesophagus 
length 762 (672-847). Tail length 58 (55-65). 
Spicule 96 (92-104). 

Tachygonetria palearcticus (Petter, 1966) 

(Fig. 5) 

References and synonymes: see Petter 1966. 

Hosts. — Testudo graeca Linnaeus, 1758, Testado 
hermanni Gmelin, 1789, Testudo horsfieldii Gray, 
1844. 

Site OF INFECTION. — Large intestine. 

Material examined. — Morocco. Settat, 
7°45’30”W, 32°30’45”N, 30.VII.1999, S. Bouamer, 
3 2 2,3 6 6 (MNHN 227HG of the collection from 
T. graeca). 

Spain. South Catalonia, 2°11T7”E, 4l°23T4”N, 
17.XII.1993, Dr C. Feliu, 3 2 2,3 6 6 (MNHN 
227HG of the collection from T. graeca). 

Redescription 

General 

Species with thin body, and pointed ends. 
Triradiate oral opening with two cycles of lips: 
the external cycle formed by three transparent 
and short lips, the second cycle formed by three 
transparent and prominent lips bearing a conical 
and frontal hyaline projection (Fig. 5A, B, D, E). 
Cephalic sense organs formed by the outer ring of 
four sub-lateral papillae, an inner ring of papillae 
not observed; large, sessile and external amphids. 
Three small and crescent-shaped cuticularized 
plates disposed at the junction of the anterior 
ends of oesophageal sectors and located immedia¬ 
tely under apical cuticle. Short buccal cavity, 
armed with three small teeth. Long tail. 

In the male (Fig. 5B, C, E, F), cloaca with two 
pairs of genital papillae: one rosette-shaped and 
middle-sized pre-anal pair, with a posterior 
expansion, and one elongated post-anal pair of 
papillae. One pair of sessile papillae at the end of 
the tail. Long, slender and needle-shaped spicule. 
Nine lobes of pre-anal membrane (two external 


200 


ZOOSYSTEMA • 2005 • 27(2) 




New Tachygonetria (Nematoda) parasites of Testudo graeca 



Fig. 4. — Tachygonetria pusilla Seurat, 1918; A, cephalic end, en face of female; B, cephalic end, en face of male; C, caudal extrem¬ 
ity, ventral view of male, D-F, scanning electron micrograph (SEM); D, cephalic end of female; E, cephalic end of male; F, caudal 
extremity of male, ventral view. Scale bars: A, B, 50 pm; C, 25 pm; D, E, 38 pm; F, 20 pm. 
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Fig. 5. — Tachygonetria palearcticus (Petter, 1966); A, cephalic end, en face of female; B, cephalic end, en face of male; C, caudal 
extremity, ventral view of male; D-F, scanning electron micrograph (SEM); D, cephalic end of female; E, cephalic end of male; 
F, caudal extremity of male, ventral view. Abbreviation: d, crescent-shaped cuticularized plates. Scale bars: A, B, 10 pm; C, 25 pm; 
D, E, 38 pm; F, 20 pm. 
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and large lobes, seven are small). Anterior anal lip 
formed by two flat lobes enlarged at proximal 
end and narrowed distally, long posterior lip of 
the cloaca with two ventral nipples. 

Measurement of females based on three speci¬ 
mens: body length 4.10 (4.05-4.12) mm, maxi¬ 
mum body width 255 (250-261). Nerve ring 236 
(230-244) from anterior end. Excretory pore 
1.031 (1.021-1.405) mm from anterior end. 
Oesophagus length 845 (835-856). Vulva 2.145 
(2.125-2.160) mm from anterior end. Tail length 
745 (730-775). Eggs asymmetrical, measuring 
73 x 140 (70 x 135-78 x 142). 

Measurement of males based on three specimens: 
body length 2.085 (2.050-3.120) mm with maxi¬ 
mal body width 95 (90-98). Nerve ring 158 
(154-170) from anterior end. Excretory pore 645 
(635-652) from anterior end. Total oesophagus 
length 544 (534-550). Tail length 62 (60-70). 
Spicule 60 (55-62). 

Remarks 

This species is distributed only in the Palaearctic 
region and was mentioned from Testudo graeca 
ibera by Thapar (1925) from T. graeca zarudnyi, 
in Iran by Petter (1966) from T. graeca graeca, in 
North Africa by Seurat (1918) and Petter (1961, 
1966); from Testudo bermanni in Italy by Petter 
(1966); from Testudo borsfieldii by Dubinina 
(1949) and Petter (1966) in Caspian region. 

Tachygonetria marocana n. sp. 

(Fig. 6) 

Host. — Testudo graeca Linnaeus, 1758. 

Site OF INFECTION. — Large intestine. 

Type MATERIAL. — Morocco. Settat, 7°45’30”W, 
32°30’45”N, 22.VII.1999, S. Bouamer, holotype 6, 
allotype 9,4 paratypes 9 9,4 paratypes S S 
(MNHN 228HG). 

ETYMOLOGY. — The species is named in reference of 
the country of type locality. 

Description 

General 

The material examined consisted of 46 females 
and 25 males. Body middle-sized, curved ventral¬ 


ly in males. Cuticle thick transversely striated. 
Oesophagus with a shape similar to other mem¬ 
bers of the genus. 

Female (Fig. 6A, D) 

Medium sized body. Triangular oral opening 
with two cycles of lips: the external cycle formed 
by three transparent and short lips, each lip pre¬ 
sents a light cut in the middle on its internal side; 
the internal ring formed by three transparent 
relatively large lips. The cephalic sense organs 
consisting of the outer ring of four sub-lateral 
papillae, the inner ring of nerve endings not 
observed; two internal and slightly prominent 
amphids. Bucal cavity with three flat-shaped 
teeth. Excretory pore at level of oesophageal bulb. 
Vulva situated behind the middle of body, vagina 
with light prominent valve. Vagina elongated, 
directed posteriorly, long muscular ovejector bent 
in half, ending in an oval muscular bulb. Uteri 
extending at first anteriorly and then turning pos¬ 
teriorly. The eggs are few. Short and robust tail. 
Measurement of allotype: body length 
3.584 mm, maximum body width 416, nerve 
ring 217 from anterior end. Excretory pore 
1.32 mm from anterior end. Oesophagus length 
1.405 mm. Vulva 2.415 mm from anterior end. 
Tail length 165. Eggs 81 X 120. 

Measurement of four paratypes females: body 
length 3.605 (3.500-3.640) mm, maximum body 
width 414 (400-420). Nerve ring 220 (185-236) 
from anterior end. Excretory pore 1.280 (1.150- 
1.324) mm from anterior end. Oesophagus leng¬ 
th 1.387 (1.300-1.364) mm. Vulva 2.420 
(2.387-2.500) mm from anterior end. Tail length 
169 (160-175). Eggs 82 x 124 (76 x 113-86 x 
130). 

Male (Fig. 6B, C, E, F) 

Small body, triangular oral opening with six large 
transparent and elongate large lips with a flat 
internal side. Cephalic sense organs formed by an 
inner ring consisting of six non prominent nerve 
endings (difficult to observe): two subdorsal, two 
subventral and two lateral, and by the outer ring 
of four sub-lateral papillae; large, sessile and 
internal amphids. Buccal cavity armed with three 
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Fig. 6. — Tachygonetria marocana n. sp.; A, cephalic end, en face of female; B, cephalic end, en face of male; C, caudal extremity, 
ventral view of male; D-F, scanning electron micrograph (SEM); D, cephalic end of female; E, cephalic end of male; F, caudal 
extremity of male, ventral view. Scale bars: A, B, 10 pm; C, 25 pm; D, E, 38 pm; F, 20 pm. 
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teeth, each tooth formed by two cuticularized 
pieces. Distinctly striated cuticle. Excretory pore 
situated behind the oesophageal bulb. Truncate 
and short tail, without hyaline spine. Anterior 
anal lip formed by two flat and robust lobes rec¬ 
tangular distally. Posterior lip in form of a conical 
projection with two ventral nipples. Cloaca with 
two pairs of genital papillae, one robust pre-anal 
with a robust expansion and one post-anal 
oblique to the saggital plan of the body, with a 
kidney shape. Long, robust and needle-shaped 
spicule. Pre-anal membrane present with six lobes 
(two large and four small). Enlarged V-shaped 
gubernaculum. 

Measurement of holotype: body length 2.452 mm 
with maximal body width 218. Nerve ring 
161 from anterior end. Excretory pore 965 from 
anterior end. Total oesophagus length 788. Tail 
length 56. Spicule 75. 

Measurement of four paratypes males: body 
length 2.220 (2.194-2.510) mm with maximal 
body width 155 (138-175). Nerve ring 165 (158- 
184) from anterior end. Excretory pore 0.932 
(0.899-1.031) mm from anterior end. Total 
oesophagus length 807 (775-828). Tail length 57 
(54-62). Spicule 76 (70-81). 

Tachygonetria khallaayounei n. sp. 

(Fig. 7) 

Host. — Testudo graeca Linnaeus, 1758. 

Site OF INFECTION. — Large intestine. 

Type MATERIAL. — Morocco. Settat, 7°45’30”W, 
32°30’45”N, 22.VII.1999, S. Bouamer, holotype d, 
allotype 9,4 paratypes 9 9,4 paratypes S S 
(MNHN 229HG). 

ETYMOLOGY. — The species is named in honour of Dr 
Khalid Khallaayoune, Institut agronomique et veteri- 
naire, Rabat, Morocco. 

Description 

General 

The material examined consisted of 45 females 
and 25 males. Body medium-sized, curved ven- 
trally in males. Cuticle thick, transversely striat¬ 
ed. Oesophagus with a shape similar to other 
members of the genus. 


Female (Fig. 7A, D) 

Medium-sized body. Triangular oral opening 
with two cycles of lips: the external cycle for¬ 
med by three transparent and relatively short 
lips, each lip presents a light cut in the middle 
on its internal side; the internal cycle formed by 
three transparent large lips. The cephalic sense 
organs consisting of the outer ring of four sub¬ 
lateral papillae, the inner ring of nerve endings 
not observed; two internal and slightly promi¬ 
nent amphids. Bucal cavity with three flat-sha¬ 
ped teeth. Excretory pore at level of oesophageal 
bulb. Vulva situated behind the middle of 
body, vagina with light prominent valve. Vagi¬ 
na elongated, directed posteriorly, long muscu¬ 
lar ovejector bent in half, ending in an oval 
muscular bulb. Uteri extending at first anterior¬ 
ly and then turning posteriorly. Long and 
robust tail. 

Measurement of allotype: body length 3.924 mm, 
maximum body width 416, nerve ring 387 from 
anterior end. Excretory pore 1.321 mm from 
anterior end. Oesophagus length 1.245 mm. 
Vulva 2.452 mm from anterior end. Tail length 
208. Eggs 67 x 120. 

Measurement of four paratypes females: body 
length 3.903 (3.890-3.957) mm, maximum body 
width 420 (400-434). Nerve ring 393 (376-403) 
from anterior end. Excretory pore 1.300 (1.270- 
1.334) mm from anterior end. Oesophagus 
length 1.257 (1.227-1.277) mm. Vulva 2.460 
(2.387-2.47) mm from anterior end. Tail length 
197 (188-220). Eggs 69 x 123 (63 x 119-70 x 
125). 

Male (Fig. 7B, C, E, F) 

Small body, triangular oral opening with six 
transparent and slightly elongate lips with a coni¬ 
cal-shape internal side. Cephalic sense organs 
formed by an inner ring consisting of six non 
prominent nerve ending papillae (difficult to 
observe): two sub-dorsal, two sub-ventral and 
two lateral, and by an outer ring of four sub-late¬ 
ral papillae; large, sessile and slightly internal 
amphids. Buccal cavity armed with three teeth. 
Distinctly striated, cuticle. Excretory pore situat¬ 
ed behind the oesophageal bulb. Truncate and 
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Fig. 7. — Tachygonetria khallaayounei n. sp.; A, cephalic end, en face of female; B, cephalic end, en face of male; C, caudal extrem¬ 
ity, ventral view of male; D-F, scanning electron micrograph (SEM); D, cephalic end of female; E, cephalic end of male; F, caudal 
extremity of male, ventral view. Scale bars: A, B, 50 pm; C, 25 pm; D, E, 38 pm; F, 20 pm. 
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short tail, without hyaline spine. Anterior anal lip 
formed by two flat and robust lobes rectangular 
distally. Posterior lip in form of a conical projec¬ 
tion with two ventral nipples. Cloaca with two 
pairs of genital papillae, one robust pre-anal with 
a robust expansion arranged slightly oblique to 
the sagittal plan of the body and transversal post- 
anal with a kidney shape. The internal end of 
each papilla is very close to the posterior lip. 
Long and needle-shaped spicule. Pre-anal mem¬ 
brane with three large lobes. Enlarged V-shaped 
gubernaculum. 

Measurement of holotype: body length 2.377 mm 
with maximal body width 206. Nerve ring 
426 from anterior end. Excretory pore 887 from 
anterior end. Total oesophagus length 804. Tail 
length 52. Spicule 75. 

Measurement of four paratypes males: body 
length 2.357 (2.274-2.4) mm with maximal 
body width 201 (188-216). Nerve ring 422 
(405-430) from anterior end. Excretory pore 
895 (875-895) from anterior end. Total oeso¬ 
phagus length 846 (792-817). Tail 55 (50-60). 
Spicule 74 (70-81). 

DISCUSSION 

In this study, our redescription provides new 
information for the taxa Tachygonetria numidica, 
T. longicollis longicollis, T. L. pusilla, T. 1. setosa 
and T. macrolaimns palearcticus in relation to the 
shape and buccal structure of the female and 
male, the number and shape of caudal papillae 
in the male. Sexual dimorphism is marked in the 
body size, with the female being longer and lar¬ 
ger than the male; the shape of anterior end is 
similar in both sexes but the number of lips is 
also different, with an exception in T. palearcti¬ 
cus the sexual dimorphism being marked only by 
the body size. 

The genus Tachygonetria contains 28 species 
parasites of reptiles of which 24 are parasites of 
Testudinidae, and 4 are parasites of Squamata 
(.Agama sp., Uromastix sp. and Iguana sp.). 
Fourteen species parasites of Testudinidae and 
one species parasite of Uromastix acanthinurus 


were described or redescribed recently (Bouamer 
& Morand 2002, 2003a and the present article). 
Petter (1966) split Tachygonetria longicollis in three 
Palaearctic subspecies T. 1. longicollis (Schneider, 
1866), T. 1. pusilla, T. 1. setosa from Testudo graeca 
and one South African subspecies T. 1. fitzsim- 
monsi from Geochelone pardalis. The present 
study demonstrated that marked differences exist 
between these subspecies, in the shape of body, 
the cephalic end (shape of oral opening and of 
lips) and in caudal end; each species exhibits a 
specific shape (see Bouamer & Morand 2004). 
The body of the Ethiopian subspecies is spindle- 
shaped, with a long thin tail, whereas the body is 
thick, with a wide head and short tail in both 
sexes in the Palaearctic subspecies. The male 
genital cone structure and shape is also different, 
in the Palaearctic subspecies the lobes of the 
pre-anal membrane is extremely larger than of 
T. 1. fitzsimmonsi. The post-anal pair papillae is 
elongated and pedunculate whereas in the 
Palaearctic subspecies is only elongated. In 
T. 1. pusilla, the oral opening with one cycle of 
lips in the female whereas in T. 1. longicollis and 
T. 1. setosa the oral opening with two cycles of 
lips. In the females of T. 1. pusilla, the tail is long 
and pointed; whilst in the two other subspecies it 
is short and robust. The post-anal pair papillae of 
the male is elongated and parallel to sagittal plan 
of the body, while the post-anal pair papillae of 
the two other subspecies is oblique to the sagittal 
plan. The pre-anal pair papillae in T. 1. setosa, 
with a small posterior expansion whilst in 
T. 1. longicollis, with a robust posterior 
expansion. The pre-anal membrane is also differ¬ 
ent in the Palaearctic subspecies, T. 1. pusilla 
with nine lobes of pre-anal membrane, T. 1. setosa 
with 11 lobes of pre-anal membrane, T. 1. longi¬ 
collis with 10 lobes of pre-anal membrane. 
Finally T. 1. pusilla exhibits a robust spicule with 
barbel-like extremity whereas in T. 1. setosa is 
slender, with a “flower of Lily”-like distal end 
and while in T. 1. longicollis is needle-shaped. 
Tachygonetria longicollis, T. pusilla and T. setosa 
live together and occupy the same ecological 
niche in the caecum (Bouamer & Morand 
2003b). No intermediate forms were observed, 
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which suggests reproductive isolation. Therefore 
in this paper, these subspecies are raised to the 
species level. 

Linstow (1899) described Oxyuris macrolaimus 
and Oxyuris microlaimus from Geocbelone pardalis 
in South Africa, Seurat (1918) redescribed the 
first species from Testudo graeca in Tunisia and 
transferred it to the genus Tacbygonetria. Petter 
(1966) split this species in two subspecies 
T. macrolaimus macrolaimus from Geocbelone par¬ 
dalis and T. m. palearcticus Petter, 1966 from 
Testudo graeca. Differences were observed be¬ 
tween these subspecies (see Bouamer & Morand 
2004). The males of T. m. macrolaimus possess 
six simple cephalic lips and in T. m. palearcticus 
both sexes harbour two cycles of lips: the external 
cycle formed by three transparent and short lips, 
the second cycle formed by three transparent and 
prominent lips bearing a frontal and conical hya¬ 
line projection. In the males, the structure and 
shape of the genital cone is also different; in 
T. m. macrolaimus the pre-anal membrane has six 
lobes, however T. m. palearcticus has nine lobes, 
with the external lobes larger than that of 
T. m. macrolaimus. The post-anal pair papillae of 
T. m. macrolaimus are very elongated and their 
distal ends are much closer than in T. m. palearc¬ 
ticus. The anterior anal lip is formed by two 
somewhat slender lobes in T. m. macrolaimus, 
however in T. m. palearcticus this cloacal organ is 
formed by two flat lobes enlarged at the proximal 
end that narrowed distally. These differences 
allow the elevation of these two subspecies to 
species level. 

Tacbygonetria marocana n. sp. resembles T. lon- 
gicollis, T. pusilla, T. setosa and T. settatensis 
Bouamer & Morand, 2003 by the body shape in 
the male but T. marocana n. sp. is easily distin¬ 
guished from this group and all species of the 
genus, in possessing the following combined 
characters: the cephalic lips are transparent, 
elongated and with a flat internal side, the 
middle-sized post-anal papillae and kidney 
shape, the anterior anal lip is formed by two flat 
and robust lobes rectangular distally, a pre-anal 
membrane with six lobes, simple spicule and 
needle-shaped. T. kballaayounei n. sp. resembles 


to T. marocana n. sp. by the body shape, the spi¬ 
cule and pre-anal papillae shape but differs in 
the shape of cephalic papillae, the size of pre- 
anal and post-anal pair of papillae, by the size 
and layout of the post-anal pair of papillae and 
by the shape of pre-anal membrane. The post- 
anal papillae of T. kballaayounei n. sp. are 
robust and very close to the posterior lip, which 
is not the case for T. marocana n. sp. In T. kbal- 
laayounei n. sp. the lips are transparent with a 
conical-shaped internal side, whereas, the lips of 
T. marocana n. sp. are transparent with a regular 
internal side. 
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